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Abstract — Microplastic pollution in the environment is a worldwide concern, as proven by 
the growing research interest on this issue. Almost all the world's oceans and seas are 
currently contaminated with microplastics, but the Mediterranean Sea has been identified as 
a target hotspot of the world, with a microplastic concentration four times that of the North 
Pacific Oceanic threats across the globe and is becoming a topic of intense study for 
environmental researchers. This study is the first to investigate the microplastic abundance 
and composition in Monastir Sea water. In the framework of COMMON MED-project, a 
sampling campaign was carried out during the month of December 2020 along two radials 
located in front of two tourist areas with different characteristics. The first radial (T1, 
Palmiers Beach) is distinguished by an intense tourist activity while the second radial (T2, 
Marina Beach) is characterized by the presence of a marina in addition to a high rate of 
urbanization. Microplastics were characterized by size, type and colour using a 
stereomicroscope and polymers were identified using Fourier Transformed Infrared (FT-IR) 
spectroscopy. The results showed that the particles of microplastic (MPs), ranging between 
0,31 and 4,9 mm have larger average sizes in radial T2 than those of radial T1 (2.2 mm and 
1.7 mm respectively). For all the stations surveyed, white particles were the most frequently 
observed colours, while the most dominant type was fragment. Of all the MPs identified, 
High Density Polyethylene (HDPE) and Polyethylene (PE) were predominant in the water. 
MPs concentrations varied between 62,095.032 and 260,979.12 items / km? with a density of 
4 times greater in the T2 radial compared to the T1 radial, which shows the influence of urban 
and marina origin on plastic contamination among seaside tourist one. In addition, the 
greatest concentrations were recorded at the level of stations S2 and S5 which are closest to 
the coast (62,095.032 and 260,979.12 items / km? respectively). This preliminary study 
should be consolidated by other surveys in time in order to study the effect of the season and 
in the space with the objective of covering the whole area and mapping the distribution of 
microplastics in the bay of Monastir. 
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1. Introduction 


Among the various pollutants known to contaminate the marine environment, 
microplastics (MPs) are considered to be next-generation contaminants. In fact, since the 
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1950s, with the skyrocketing rise in the production and consumption of plastic products, the 
plastic flow into the environment appears to have been unstoppable and accelerating. Plastic 
products have become ubiquitous in everyday life. With an estimated global production of 
368 million tons [36], 4.8-12.7 million tons of plastic are estimated to be released into the 
marine environment every year [26]. MPs pollution has become an increasing environmental 
issue, particularly in marine coastal systems [29]. 

The Mediterranean Sea was reported to host the highest concentrations of floating 
plastics in the world (Lebreton et al., 2012; Eriksen et al., 2014), and is therefore recognized 
as one of the most impacted regions in the world by plastic pollution [14; 41; 47; 5]. This 
situation has been exacerbated by the semi-closed nature of the Mediterranean Sea, its 
reduced surface waters flow, and the strong anthropization along its coasts and the resulting 
enormous quantities of litter ending up in the coastal environments [41]. 

Once in the aquatic environment, due to a combination of chemical, mechanical, 
and biological processes, plastic debris tends to break down into smaller micrometric debris, 
namely microplastics (MPs). Most commonly, MPs have been defined as synthetic organic 
polymer particles, less than 5 mm in size that may differ in shape, colour and chemical 
composition [18]. Microplastic pollution has been reported worldwide, in different 
environmental compartments, including water, soil, air, and biota [10;49]. Owing to their 
small size, MPs are potentially bioavailable to a wide range of organisms, having the potential 
to interact across trophic levels. Although during the last years there has been a virtual 
explosion of research on MPs pollution, especially in the Mediterranean Sea, there is a 
significant data gap for the Southern part of the basin [3; 30; 46]. 

Very few studies have been conducted in the central region of the east coast of 
Tunisia despite being subjected to pressures of various origins. This area is located on the 
south of Cap Bon that forms the southern tip of the Strait of Sicily boarded by the Gulf of 
Gabes in the south. It is therefore an intermediate zone between low salinity and relatively 
cold waters in the North and high salinity and relatively warm waters in the south. Depending 
on the seasons and the daily weather conditions, marine dynamics are moreor less intense 
with a varying intrusion of the Atlantic water vein [2; 47; 5]. The bay of Monastir, located 
within this region, constitutes an area of major interest due to its high coastal population 
density [43]. It is a very important economic activity zone (industry, fishing, aquaculture, 
tourism ...) that have created very strong pressures on the marine environment of this area 
[8]. 

Along the Tunisian coasts, only a few studies conducted on the contamination of 
waters by MPs, namely two studies conducted in the south of Tunisia, precisely, the Gulf of 
Gabes [47; 5] and one conducted on the surface waters of the Bizerte lagoon [46]. Within our 
area, few preliminary studies have been conducted so far on MPs in the sediments and biota 
of the Bizerte lagoon [30;9], but no study has been conducted on the contamination of its 
waters by MPs contamination of its waters by MPs. The present work was conducted in this 
regard and aims to determine the composition, distribution, and abundance of MPs in the 
surface waters of Monastir Bay. These preliminary data should contribute to the 
identification of potential local sources of this pollution. The results of this work will 
therefore contribute to the implementation of a management plan to reduce MPs pollution in 
this area. 
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2. Materials and Methods 


2.1. Study area and samples collection 


Microplastics water samplings were conducted onboard of fishing vessel during 
Winter 2020 within the framework of COMMON project. A total of six stations have been 
sampled (table 1), along two radials located in front of two touristic coasts with different 
characteristics in the Monastir Bay. The first radial (T1, Palmiers Beach) is distinguished by 
an intense touristic activity while the second radial (T2, Marina Beach) is characterized by 
the presence of a marina in addition to a high rate of urbanization in the area around the beach 
(figure 1). In each radial, three stations located respectively at 1.5: 3 and 6 miles from the 
coast (Table 1). 


Figure 1 — Map showing the locations of the sampling stations in the Monastir Bay. 


Table 1 — Sampling stations. 


Transects Sampling Longitude Latitude 
station 
Station 1 35°41°48 10°4673 13 
T1 Station 2 35°48°60 10°45°444 
Station 3 35°51°07 10°43’533 
Station 4 35°48°04 10°49°206 
T2 Station 5 35°49°21 10°48’612 
Station 6 35°51°46 10°47°498 


During the sampling campaign, a 200 um Manta net (0.6 m width 0.2 m height) was 
towed at an average speed of 3 knots for 20 min for each sampling transect, yielding a total 
of 6 surface water samples. To gather all particles into the cod-end, the net was rinsed 
completely with seawater from the outside after each sampling operation. The samples were 
then transferred from the cod-end to 500 mL glass containers using a 0.3 mm mesh stainless 
steel sieve, fixed with 70 % ethanol, and transported to the INSTM laboratory for analysis. 
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2.2. Surface water samples analysis 


The water samples were analyzed for their plastic content following the COMMON 
toolkit. For each sample a wet sieving is realized through a stacked arrangement of 5 mm, 
1 mm, and 0.3 mm stainless steel mesh sieves. Accordingly, the litter items are classified in 
three size classes: small microlitter SML (300 um — 1 mm), large microlitter LML (1 mm- 
5 mm), meso litter (5 mm-25 mm). 

The presence of MPs was determined under a stereomicroscope (Olympus SZX7, 
8x-56x) with attached digital camera. All potential particle items were manually sorted out 
from the sample and categorized by colour, shape (fragment, fiber, pellet, film and foam) and 
size. Then, each Polymer identification was carried out using a PerkinElmer Spectrum Two 
Fourier Transform Infrared (FT-IR) spectrometer. The number of MPs found in water 
samples was expressed both as items/km* where the area covered (km?) was calculated by 
multiplying the width of the mouth of the net by the distance covered (km) during the tow. 


2.3. Contamination Control 


In order to avoid potential contamination during sample analysis, several 
precautions need to be taken account as recommended by scientific literature and guidelines 
(22; 7; 23; 31; 5]. All consumables were taken directly out from their packaging and all 
equipment was carefully rinsed with Milli-Q before and after use. Samples and equipment 
were covered with aluminium foil where possible. In addition, filter blanks were run in 
parallel to verify airborne contamination occurring during both water and fish sample 
processing. Particles or fibers detected on filter blanks were analyzed for colour and size and 
then compared to those found in the analyzed samples in order to avoid false results. 


3. Results 


3.1. Quality control 


Analysis of the control membranes revealed the presence of fibers in different colors 
found in the samples collected during the Winter 2020 survey in different colors. Other 
microplastic typologies were never detected in the control samples. The final MPs content in 
the water samples was given subtracted from the blank values, to avoid overestimation. 


3.2. Surface water sample 


Throughout the first and the second radials, microplastic particles were found in all 
sampled stations (table 2). The recorded abundance at the level of the second transect is four 
times more important, it was around of 260979.12 items/km*” than the first transect where the 
abundance was 62095.03 items/km?. 

As shown in the table below (table 2), for the first transect (T1), the abundance is 
ranged between 17098.63 (Station 1) and 26997.84 (Station 2). However, it ranged from 
24298.05 (Station 4) to 166486.68 (Station 5) in transect 2. the greatest concentrations were 
recorded at the level of stations S2 and S5 which are closest to the coast (26997.84 and 
166486.12 items / km? respectively). 
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Table 2 — Abundance of microplastics (items/km2) found in the samples collected along the 
two transects (T1 and T2) during the winter Campaign 2020 in the Monastir Bay. 


Transects Abundance Stations Abundance 
(items/ km?) (items/ km?) 
Sl 17098.63 
T1 62095.03 S2 26997.84 
S3 17998.56 
S4 24298.05 
T2 260979.12 S5 166486.68 
S6 70194.38 


All identified particles were categorized based on their shapes, colours, size class 
and polymer types. 

Collected microplastic particles size ranged from 0.3 to 4.9 mm. According to 
COMMON protocol, items were categorized into three classes: Mesolitter (5 mm-25 mm); 
Large Microlitter LML (1mm-5mm) and Small Microlitter SML (300 um — 1 mm). The 
Large Microlitter LML are the most abundant where the percentage is 75.34 % along T1 and 
94.17 % along T2. 

The sizes of the particles identified range from 0.31- 4.7 mm in transect T1 with an 
average of 1.71 mm and from 0.31-4.9 mm with an average of 2.1 mm in the transect 2 (figure 2). 
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Figure 2 — Size means of particle extracted from water samples collected in the Monastir Bay 
per station. 


Collected microplastics were sorted into five different categories: fragments, films 
and filaments. Fragments are dominant along both transects, with a percentage of 91.3 % 
83.1 % followed by films with 8.69 % and 14.48 % for T1 and T2, respectively. The presence 
of filaments is recorded only in the stations of the second transect with a low percent of the 
order 1.18 % (Figure 3). 

In this study, for all stations most of microplastics items were white opaque with a 
percentage of 51 %, of which 29 % in the first transect and 60.68 % in the second transect. 
While other colours (including, yellow, orange, blue, grey, brown), green, red and black items 
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accounted on percentage for 32 %, 1.1 %, 11.1 and 3.9 % of total microplastics, respectively 
(Figure 3). 


sfrangment -fim «filament *frangment «fim « filament 
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Figure 3 — Frequency (%) of particle shape, size classes and colors extracted from water 
samples collected in the Monastir Bay along the two transects T1 et T2. 


The chemical composition of sorted items was confirmed by FT-IR analysis. 
Throughout both transects, 07 different polymer typologies were identified. Polyethylene 
high density (PEHD) made up the majority of microplastics, with 43.47 % (T1) and 63.77 % 
(T2), respectively, followed by Polyethylene (PE) (39.13 and 16.66 % from samples of the 
first and second transect, respectively), Polypropylene (PP), with 13 % (T1) and 19.5 % (T2). 
Less frequent polymers included (<6 %), polystyrene (PS), polyvinyl alcohol (PVA), 
polyamides (PA), ethylene-vinyl acetate (EVA), Cellophane (figure 4). 
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Figure 4 — Frequency (%) per station per transect of particle polymers extracted from water 
samples collected in the Monastir Bay along the two transects T1 et T2. 


4. Discussion 


Studies on MPs in seawater along the Tunisian coasts are scarce, as they are in other 
southern Mediterranean regions. In Tunisia, the quantification and characterization of 
microplastics in water is limited to a few studies: in 2020, [47] provided preliminary results 
on abundance in the Gulf of Gabes. Furthermore, a study published in the same year, 
conducted to define the effects of environmental factors on the distribution and abundance 
of microplastics in the waters of the Bizerte lagoon [46]. Recently, a study that aims to 
conduct a characterization of the level of pollution by microplastics in the Gulf of Gabes [5]. 
Here we provide for the first time the investigation of microplastic abundance and 
composition in Monastir Bay Sea water. Our study area, constitutes an area of major interest 
due to its high coastal population density [43]. It is a very important economic activity zone 
(industry, fishing, aquaculture, tourism ...) that have created very strong pressures on the 
marine environment of this bay [8]. 

The results of this study showed a significant presence of microplastics in all surface 
water samples along both radials with an abundance of 62095.03 items/km? at T1 and a 
4-time higher concentration at T2, around 260979.12 items/km?. Several factors can explain 
the high concentrations of microplastics observed along the study area. Among these, plastic 
pollution sources most likely play a major role, given that the city of Monastir is highly 
anthropized, with several urban, industrial, aquaculture and tourist coastal concentrations that 
can generate a lot of plastic litter that ends up in the sea. 
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The highest concentration is recorded at station 5, located 3miles from the Marina 
Monastir. During the sampling campaign we noted bad weather as well as the wind direction 
of NE during the sampling campaign can explain the fact that the concentrations of 


microplastics follow an upward gradient from coast to shore for both radials. 


By reviewing the literature on studies conducted in the Mediterranean, we noted 
that several sampling methods are used, such as the mesh size, the sampling time, the unit of 
measurement, etc. [47; 5]. Overall, the abundance found in this study remains high compared 
to other concentrations found in the Mediterranean basin. 


Table 3 — Microplastics abundance values found in surface waters from Mediterranean Sea. 


Area Abundance +SD References 
NW Mediterranean 0.116 (0.892) items/m? [13] 
Ligurian/Sardinin Sea 0.31+1.0 (4.83) items/m? [21] 
Bay of Calvi (Corsica) 0.062 (0.688) items/m? [12] 
W Mediterranean 0.135 (0.42) items/m? [20] 
W Sardinia 0.15 (0.35) items/m? [15] 
Ligurian Sea 0.103 (0.36) items/m? [34] 
Ligurian Sea 21 000 — 578 000 items/km? [35] 
NW Sardinia 0.1740.32 (1.69) items/m? [33] 
Central W Mediterranean 40 000 — 9 230 000 items/km? [41] 
Coast of Turkey 16 339 — 520 213 items/km? [24] 
POE a 8 999 — 1 164 403 items/ km? [38] 
Northern Ionian Sea (Greece) 0— 1 610 000 items/km? [17] 
Gulf of Lion 6 000 — 1 000 000 items/km? [39] 
Dar S E 25 471 — 111 821 items/km? [47] 
E ewer ean, 453.0 + 335.2 items /m? [46] 
Bizerte lagoon 

Eastern Mediterranean Sea 0.12-0.72 items/m? [1] 
South-Western Mediterranean Sea 1.01 *105 + 3.8 *104 items/km? [40] 
a ooon 312 887 77 110 items/ km? [5] 

pe Mediterranean/ 62 095.032- 260 979.12 items/km? Actual Study 

onastir Bay 
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Our findings identified fragment as the most predominant plastic particles in the 
water samples which is in agreement with several other works [25; 20; 38; 42; 5; 47; 44]. 
Some studies linked the predominance of fragments to the decomposition of larger plastic 
objects (secondary sources) than to primary inputs of MPs, such as MPs directly released 
from treated wastewater effluents [47; 5]. Color can be considered a good indicator of the 
residence time of plastic particles in the ocean and its degree of weathering as well [32]. More 
than 50 % of the microplastics particles collected during our campaign are opaque white in 
color and had fading hues, indicating that they have undergone various weathering processes 
over a long period of time. 

In addition, the results of this study reveal the predominance of small particles, with 
an average size of 1.71 mm and 2.19 for the two transects T1 and T2 respectively. At the 
level of station 3, we recorded the smallest average size, it is of the order of 1.14 mm. 

The size distribution of MPs may be related to their origin and could also reflect 
their degree of weathering. It has been suggested that the plastic weathering process and 
meteorological forcing contribute to breaking large marine plastic debris into smaller pieces, 
resulting in a decrease in size (Pan et al., 2019). Our results showed that along the first 
transect T1 a dominance of large particles in coastal stations (S1 and S2) while along T2 
large particles are found in the open ocean (S6). This may infer that the particles in the first 
transect were of the same origin while the particles in the second transect were of different 
origin. 

According to [16] the identification of plastic polymer types does not define the 
origin from which the plastic litter originates, but it does identify potential sources of plastic 
particles. During this study, seven types of microplastic polymers were identified (HDPE, 
PE, PP, PS, PVA, PA, EVA, Cellophane), allowing to deduce that the sources of plastic 
contamination in Monastir Bay are diverse. All these types of polymers are known to be 
derived from various packaging materials, consumer goods, fibers and textiles, automotive 
applications, building and construction, and medical applications 
(https://www.plasticseurope.org/). The majority of these applications can be observed along 
the coast of Monastir, in urban, industrial, tourist and aquaculture areas. 

The prevalence of HDPE, PE and PP in the surface waters of the study area indicates 
the multiple uses of these types of polymers and confirms that they are the most used in the 
region [4]. In fact, it is well known that HDPE, PE and PP can be derived from various 
household plastic wastes such as crates, trays, bottles, caps food packaging, cans, bulk 
containers and various products used in personal care and cosmetics [11; 28; 48]. 

The present study assessed the density levels of microplastics in surface waters in 
Monastir Bay for the first time, which gave us an idea of the nature of the waste and the levels 
of microplastic pollution in this area. 


5. Conclusion 


This study reported a high level of microplastics in the surface water samples. 

Given the multitude of pressures on the study area from anthropogenic, industrial, 
aquaculture, and severe fishing, further work is recommended to define the levels of plastic 
pollution in the area and the threat it poses to marine ecosystems and to establish effective 
management measures to address this emerging global threat. 
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